Abstract: Office buildings represent one of the great energy consumers. The Lighting systems and HVAC are the greatest consumers. The energy consumption for cooling the areas will increase in the future due to the higher and higher internal heat emission and to the use of glass covered facades. The solar shading devices can substantially reduce the cooling load of buildings. Due to the geographical position of Romania, the solar radiation intensity shows high values. In this paper, a comparative study is performed on the energy consumption of the air-conditioners of the type: CLIMAVENETA NFCCI 1003 4 pipe-fan coil units, mounted in a room which does not have any shading elements on the exterior facade. In the second case the room is provided with shading elements formed by mobile exterior horizontal blinds. After the calculations made, it results a reduction of 29% in the energy consumption of the air-conditioning apparatus when shading elements are used.
Introduction
Up until now, in most of the European countries the energy required for the heating process is higher than the energy used for cooling areas.
The energy consumption for cooling the areas will increase in the future due to the higher and higher internal heat emission and to the use of glass covered facades.
The buildings with a reduced consumption of energy are characterized by a proper thermal insulation and small heat loss between the interior and exterior, and the high quality glass covered surfaces have values of thermal transfer coefficient, U, under 1,5 W/sqm K. Modern buildings and their heating, ventilation and air-conditioning systems (HVAC), must be more and more efficient from an energetic point of view. The aim of HVAC systems projection within buildings is to provide comfort conditions to occupiers for different daily or annual heating or cooling loads. The HVAC system must be completed with an efficient control system (automation). Automation shall also reduce the energy consumption by maintaining the process variables (temperature, pressure, etc.) to a pre-setted values (setpoint).
Office buildings represent one of the great energy consumers. Within the developed countries, buildings represent between 30 and 40% of the total energy consumed. In general, the greatest energy part is used for maintaining an acceptable comfort level within buildings. The Lighting systems and HVAC are the greatest consumers. The studies show that the air-conditioning systems represent between 10 and 60% of the total energy consumption from the office buildings. This thing shows that the HVAC system of a building has a great potential of saving energy.
The solar shading devices can substantially reduce the cooling load of buildings. After a recent specialized analysis, this reduction is between 23 -89% depending on the type of shading device used, building orientation, climate, etc. The shading elements should be considered as an integral part of window projection system for commercial and office buildings, with the aim to balance the demands from the natural light and the necessity to reduce the heat gain owed to the solar insolation. The type and properties of the shading device and their control have a significant impact on the cooling demand in a building. An integral approach for operating the dynamic systems of windows, in combination with the electrically controlled lighting systems might lead to the minimization of energy consumption for cooling the areas depending on the climatic and orientation conditions. The big glass areas often have as result some excessive solar gains and extremely different heating and cooling loads.
2.Electric energy consumption for the cooling process
In order to estimate the electric energy consumption for the cooling process in case of climate changes, one must take into consideration the following factors: -the increase of electric energy demand in ventilated buildings due to higher medium temperatures, and -rapid increase of the number of areas partially or completely ventilated. The first factor impact is evaluated by using the correlation between the electric energy demand for the cooling process and the number of degrees for the days of cooling process. The number of degrees for the days of cooling a building is defined by the relation:
The correlation between the number of degrees for the days of cooling process and the electric energy demand specific for the cooling process is determined by using the simulation results of the energy demand for cooling the buildings from London, Milan and Seville made by Adnot (2003) . The Adnot's results match very well on a linear dependence:
where CEESR represent the specified electric energy demand (for the full cooling process of a square meter floor).The second factor, namely the rapid increase of the areas number that are partially or fully ventilated, can lead us to the conclusion that by 2035, half of the areas that appear non-cooled shall be partially ventilated if there are no climate changes. Table 1 shows the percentage for different types of office buildings that are partially or fully cooled for the variant without climate changes. 
Solar radiation
Due to the geographical position of Romania, namely 43"15' -48"15' North latitude and 20"15' -29"41' East longitude, the usage potential of solar energy is important (image 1). There are areas in which the quantity of solar energy reaches up to 1450 … 1600 kWh/ sqm/year and most of the country regions the quantity of solar energy exceeds 1250 kWh/ sqm/year.
Fig.1. Solar radiation in Romania
The solar radiation intensity reaching the Earth surface is smaller than the solar constant because while it goes through Earth's atmosphere, with a more than 50 km thickness, solar radiation intensity is gradually reduced on a perpendicular direction to Earth's surface, ca. 15...30% depending on the year date. Even in cloudless conditions, radiation reaching on Earth's surface from all directions following-up the diffusion phenomenon, also called diffuse radiation, represents 5...15% of the flow value of solar radiation reaching the Earth's surface without being affected by this phenomenon, called direct radiation. Jointly, direct and diffuse radiation represents the total radiation. Even in the months in which outdoor temperature doesn't have very high values, there are significant solar heat gains due to solar radiation intensity so that there is a chance to reduce energy costs even in this period of time. Fig.2. shows the values of the solar radiation intensity for an October day according to hour of the day: The value of the solar radiation intensity depends both on the outdoor factors and the sunshine direction. As we can see in fig.3 ., the solar radiation intensity has a maximum value the more the angle between the sunshine direction and the position of the displayed surface gets closer to 90°. The average sunlight level varies from a month to another and from a day to another in the same locality. Fig. 4 For determining the equivalent receiving area A s of a glass covering element, we use the ratio:
in which A represents the total area of the glass element n (sqm) , F S -the shading factor of the surface n , F F -the reduction factor for the glass frames, equal with the ratio between the area of the transparent surface and the total area of the glass element; g -the total solar energy transmittance of the surface n. In order to define the shading factor and the solar energy transmittance of the glass, there are taken into consideration only the permanent shading and solar protection elements. Virtually, the total solar energy transmittance -g which was used must be the time average of the ratio between th energy crossing the displayed element and the incident energy on it, in default of the shading. For windows and other external glass walls, ISO 9050 describes a method of determination regarding the total solar energy transmittance for the vertical radiations on the glass. Transmittance g shall be calculated according to g ┴ applying a correction factor, like this:
When sun rays meet on a glass surface, two factors conduce to the reduction of the amount of power accepted in the building: the angle of incidence between the sunbeam and the surface and the total solar energy transmittance of the window. The transmittance g of the window indicates which part of the incident solar radiation is absorbed in and transmitted by the window, and becomes heat inside the building. This one includes both the primary and the secondary transmittance, namely the energy absorbed in the glass surface and emitted inside the building. For the most common windows, the transmittance is maximum around the normal value and begins to decrease from 50 ˚ and reaches to a minimum from 90˚( fig.6 ). 
Case study
A comparative study is performed on the energy consumption of the air-conditioners of the type: CLIMAVENETA NFCCI 1003 4 pipe-fan coil units which have a running schedule between 06.00 a.m. and 20.00 p.m and they are provided with a PI regulator in a room with the surface of 30 square meters, hight of 2.8m, and a glass surface of 5.4 x 2.4, directed towards East, with the thermal transmittance value of U = 1.3 W/sqm K and the solar transmittance g = 32. In the first case, the room isn't provided with shading elements on the external facade but in the second case it is provided with shading elements made of mobile horizontal blinds disposed on 12 lines, at a distance of 60 cm from the glass surface and a distance between lines of 27 cm. We have monitored in time both the outdoor and the indoor temperatures as well as the set-point of the air-conditioner so that we could be able to determine the running schedule of the air conditioner at the minimun, average and maximum levels and implicitly the energy consumption of the airconditioner, having supplied by manufacturer the data related to the response constants according to which runs the PI regulator and the energy consumptions per each level.
The rule according to which PI regulator runs, is the following:
It represents a ratio between the output measure x c (t) and the input measure ε(t) . The input measure ε(t) is the absolute value of the temperature difference between the outdoor temperature and the indoor temperature disposed by the user in time. 
Conclusions
We may notice that the air-conditioner in the office with glass surface and protected by the shading devices runs at maximum level during the first working hours in order to reduce the night storages when "night-cooling" conditions aren't fulfilled, and then it decreases the fan speed, even if the outdoor temperature is on an ascending side so that the indoor temperature asymptotically tend towards the disposed temperature.
As opposed to the above-presented fan coil unit, the one in the office with no shading devices runs at maximum speed level while sun shines directly on the eastern surface, and then the temperature difference between the indoor temperature and the disposed temperature decreases but it is maintained at a level in which the fan coil unit needs to run at medium speed level and towards the end of the working hours due to the outdoor temperature which reaches maximum values, the internal cumulated heat gains achieve an increase of the indoor temperature at such values so that the airconditioner is required to run at maximum level.
Energy consumption of the air-conditioner is reduced by 29% in the case of the office with glass surface and protected by the shading elements or if the energy consumption difference is reported to square meters of glass surface resulting a saving of 78,7 W/sqm per day.
Taking into consideration that the analyzed offices belong to a building which also has glass surfaces without shading elements of 480 sqm, it results a reduction of the energy consumption of 1171 kW/month.
